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r'KAUOF THK INVKNTION 

, ltn ., 1 for Mrtr rnun. separation. .urtir^. and 
. )n ^rt invention relays u> method. a:,i apparatus tor a - , . 

lh P " v l- molecule -vich as Deoxvnbonuciox jud 

i v .,,.-11^ rpll on'-me UfS. beaiih, mini cait ■ 

* ""7 the ,„ve„„„n U, pa«* -P »" - ™ 

(PSA,. P™-, «« .n . M >» > _ „„, „ 

i u, nrrr-ntrv 0 Wtrophoretic separation, magr.t j r 
for utilisation in flow cytometry, light micros . - 



10 etc. 



BACKGROUND OF THE INTENTION 



s 



i r, v u.„u t v, r0 uehput measurements oi 
F „„ c S ,o»e.r y „ a «U «». - »- *» >» ' ^ P 

»»ly» and .sola* cell, a„,l .r (0 nell«. w.th P^ula, P . 



immunological properties 



30 



nM rr OY . c f rnm ^cvera drawbacks, espcciau\ mt, 

* - rTTJZ- - — - • ™- ~* - th hren opem,on 

and maintenance cost, making tht teenmq 

, f r , rohtl on of cells bv ant.body-coup.ed magnetic beads and earner, ha. 

Duri« B the last few year. , olauon ^ _ • characterl saUon of cell populates 

been de ,,o P ed into a rehab, tool o = ^ by Dynal ,S and MUten, 
, mffl unomagnet l c ceil separat.cn e.g. as . ^ ^ ^ ^ 

*~ - «— « T Slabi n :;Z"rrtoniet^ especially m sort,* of rare 
reMy low prl2 e. this method ' m mtcrnal bl0Qd sample provldes a 

cellular event, For exarnple. sorUng of fetal cell- ammocentesls of chononic 

— ==5=S=K£ , 

J p p 1 'J ' " i 



bacterial and viral diseases 



, ,H a offers relatively inexpene.ve approach to sort rare cellular event. ,t 
.Mthough th» method offers P ^ ^ ^ muluparame ter 

considerable time onto the overall rare event detecno 
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i ...... t . .r U' 

•malv.-is n_.un.-v . , .;! |,-:| ( hmi. aiM [ >• 

. iV. ....... !r 1. 1 \ ' " i' , t „ 



. t ,.r:,t:-.» ar- -uff-nn, .r-u, Uv >..w." ••>• ■ ' n ., w toU . imp U.mMH*> mt, tn. 

c ,Hs cannot be .LrecUy uriatrd «* ,x.M.n, .... . 

. , , ir . irR procedures and maeneuc acuvat,l r-ll 
A ,iod overview about ^ ^ ^ Sol , ms , (Ed . ^ c, ^ W,,v * 

*>rtmg » given m Mebmed et. al , - 
Sons Inc.. 1990). 
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SUMMARY OF THE INVENTION 



, uUC1 ,fl uldl c technology eontmuc to fuel tunhe, .... 

Advances in 



i 3 



rv .,pnr inveuuuu.v ■ , „„„ snrtinu and analysing 



20 



pl , sen t invention relates to development 
devices for carrymg out such tests that,. 

saffiples CO ntanung particles, such as organ, ^ " method and devices for 

such as DNA. The present invention provides a cheap. 
Handling, sorting and analysis of -h particles. 

, v. ^ enrh as fluorescent 

Separation ma, DC pc un , p erues density, electrical prop 

,. CDCrtie . or other optical property, ma,n,»c P -V ^ per formed by ahgnm* 

,JlCp of the invention, partici. separation i v 

Accords to an important aspect of the ^ lhat particles can be treated 

the par t,clcs in one ro.ofpartic.es :n a iiiicro Ho, ch 

< individually 

. . , mlcro flow svstem and a method of 

Thu , lt ,s an ob,ct of the present „ compared to the pnor 

par ticle separation having an improved efficiency 

, a m,cro flow system and a method for 
30 u.^herCectofthepresentinventiontoprovideamicro . 

parl ,c, separation, which coll lysis ,s m.mm.sed. 

i, , n improved method for preparation of 

u ♦ f »h,. ,,re<ent invention to provide an impro 
,m, yet another object of the present 

nartldes for separation and analysis ot .he pa. 
fluids containing particles io 

s.multaneous separation of particles 



art. 
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[ \ i.; i ii I." - , , 

, v , rl .:, ]). ii-:it:-r. and ^•••'• v • ■ : 

U - ■ " b ^ ,V - " f ;nV " ! "' n ' ZXZt automated nncro flow .v.,-. Th. 

,,ta. cel.. m whole materna, bW -amp** ™ a ^ ^ ^ mampu! „ utin 

syiieffl u by and — ^ ^ bv analysl , of fctal rel ls 

and analyM . of t.ioche.ica, , m ,e. Thus. prenat , no - . ^ ^ ^ ^ 
. U par«,«. from a whole maternal bk*d sample u an aru . 

miniaturisation 

flow system. The system is also ae&igncu ...... _ can cer d, aK nosUcs by analysis 

handUn, mampulation and analysis of ; • ^ froro advanws ,n 

0 f cancer cells separated from healthy cel.su, also an area 

miniaturisation 

fulfilled bv a micro flow 

syslem tor separate paruclc, compnsin, a uiembet havm. 

n,w of a fltudcontammR the particles through the 
a How channel dehned the,-e,n for .uuhn, a flow of a flu 

How channel, 

fu-st inlet means positional at on, 
2^ channel, 

i *■ ^c-Mreme the fluid irom 
, t rhr othev en d of the How channel for discharging 
first outlet means positioned at the othc en. . 

the flow channe.. 

th Dart ides bein* controlled in such a way that one particle at the 
30 the flow of the fluid containing the particles 

ume passes a cross-scction of the flow channel, 

, a f.eld that ,s substantially perpendicular to a lonptudina, a*,s of 

„ fulfilled bv a method 
, a -pect of the invention the aboye and other objects are fulfilled . 
According to a second aspect 
«,f separate particles, compnsin, the steps of 
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. ,. , rP ......c'u.nuf tin.- :V.vh:mn.d 

;i(lft lor :il til" !i:llt> 1 ; 11 ' 

; -.,,1 ,r t ) i U.imitudinal axis ■>! 
s ch.- fl- -annel ». - _ and hein , » tl, fteld 

th. now channel so that particles re.„d,n. ,n asereby se paratcd from th, 

acr0SS th, flow channel are deflected ,n the rtirectmn ,„ J* 

fluid. 

, t i , , — -,ro fulfilled bv a micro 

,„ tir • 

„„ w ,„„ for a ,p-at,„ S p»n,d». e»p™.n= * 

, „„*,«i n o rV^much the 

r „ o Hnw f*t" a fluid contairiiup, v 

a now channel defined therein for g u,din R a flow 

flow channel. 

, lbc n nw channel for entering the fluid mto the flow 
hrstmlet means positioned at one end uiAc 

channel, 

(1 at th c other end of the flow channel for discharge, of 
first and second outlet means positioned at the 

20 fluid from the flow channel. 

, , u , „»iv that one particle at the 

, f nif the uirtl clcs heniu controlled ,n such a w a> that 
the flow of the fluid containing the partiuc 

rross-section of the flow channel, 
tune passes a cross slcliui. 

, td ,, tkl . llo w =h„n=l .... — * <" ' 

within a measurement volume within 
corresponding to a monitored parameter, 

, e * ->n,l -he second outlet means 

--•■--'-■^"' -,,, '*'" ,,ta ' 

of separating particles, composing the step, of 

i i cl ,rh a wav that one 

narticle at the time paRses a cross sectio 

r j .Worn* of fluid from the flow channel, 
second outlet means for discharging 
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t . | , . within .i '^^ ;ul, ' ,,l! " ' 

Hi ' ' 1 ' ^ ■ 

rhaim-i and 

controlling - , yn -ucU« mav be separated au.Mi- 

r ^pons, luaruomtot.d param 
{; f a monitored parameter. 

,thnd oi^enaratmg total cells from 
«""-P"'« ^' of , he „„,„ co „ Mm ,» e ,he feu. cell. .hrou.h a 

„„, ^ , . - - *»■ «» - h ::; H : hM „ . . 

channel. pc—K *» «~ » "» d feu , „Us «** » *> *» 

, ,,.,,, 0 f the 0o« »*"™' S '' 

..„-,.,,., cl ntT the steps ot 
ipr rp ik from other ceiis. ^m^-i-'t. 

-Warn >«~>.»1.V — « °' * • . enanno. „ «* » *» - 



20 



-lectn-e magnetically s«un,n g of cancer c , nanncl m such a way that one 

a How of the Aud contain* the cancer cells t o ^ poalUoning th e flow channel in , 

cancer cell at the tunc passes a cross-section ^ ^ of the flow channel so 

that magnetically stained Lan.tr -ti. 



the magnetic field 



, , fluid and/or to be separated from the fluid 
Th e parses to he separated from otHcrp^ . ^ ^ ^ 
conUiranR the particle- may comprise hvm.u: 

such as Deoxyribonucleic acid (DNA). prote.ns. etc. 

. , .laminar flow so that flow of particles are 

30 predictable and easy to control, e.g. 

.A •« desired within the flow 

channel, e.g. by controlling ^spending inlets- 

lht , member and flow velocities of guiding buffeis at corr... 

l t» hive a low Reynolds 

number, e.K- . ^^T^. - - ^ 
which causes turbulence anu 

SUBSTITUTE SHEET (RULE 26) 
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t k , '11; 



, ..(',-,, ■ ■ l-'lnw nt' III.- --I'^pi" wi 

avnaan.: . and > — 1 ; "' " " ( ( ^ la ,,,._. ;har.n>-i 

— - : ' t ^ m,!,nu: ' u:! ; v ^ ,,: ; lb v ■x,,,-,..—.-.-:^ 

a.,1 a„p.uce ra ,nt „f part,!,, ,n chan,,-. - ' ' ' filAV ,„,„„ i n>, tV>, 

My in the a„a> d.rccUon and ^ ^ - ^ ^ ^ p ,. rirai ,,, 1 - 

diaraeter Dh is defme.1 as four tunc th, ,:ro^ xt.on. 

n .., ( . mhw .avv„Uhran g m K irom(.Hu(».r,:.mm. 
Th, illustrated flow channels of the m.cro How ,,st. • ^ ^ ^ ( , ^ ^ an(l dep th 

preferably ran gl n g fro. 01 to 0 , nun » particular a t0 the .owes, cross- 

rinBing from 0.04 to 0.2 mm. preferably ran R ,n B fro. 0U ^ ^ ^ 

^onll area of the flow channel. ,t . preferred that this area 

. i- n 00*1 0 0*2 mm J . 

mm a. in particular m tnc 

f Ai tn 20 mm, preferably 1 n 
, , h „fthe flow channel wth.n the ranue of 0.1 to 

It 1S believed that anv lenpth of the 

3.5 mm, would lead to satisfactory results 



4- ^ 
LU 



20 



n writes of 0.1 up to 200 Hi/mm. which 

i w U,rh corresponds to a separation 

ihe " : ;: i m.i...- » - - — n - "™ ° f ,hc !v * 1 " 

residence time ol the samp it 

, n cf„i- adn.stment of the time the 
flow rate adjustment means ioi ani 
The micro flow system mav comprise do* 

particles reside in the flow channel. 

•articles are displaced 10 - 30 
, . , ,-„ 7e dso that for efficient separation, parfcles < 
2S Preferably, the flu.O channel s.,cd . t0 , fieW (or a very short 

, nn . A Therebv the particle may onl> oc exp 

i lt i„ t mpans tor discharging p^ 11 
30 may further comprise second outlet mean. 

flow channel. 

a lt mean- for enterinu a first Kuidir* buffer into 

The micro flow system may comprise second inlet _ the floW is lam mar. the uvo 

the Ho. channel together with the fluid — ^ - ^ a ^ area extends 

flulds How through the How channel ,n para e abu ^ ^ ^ ^ 

along . lon.tud.nal a.s of the How channel ^ - ^ ^ ^ ^ gulding 

fl0 w channel of the How of the fluid conta,n,n g partt I X ^ ^ ^ 

buffer now Further, parucles in the nuideontamm.partic.e 
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.,n:,i,v,,r !i ,n ! ,'ul:uM, ) th,.lnn, 1 u : , i nai,',. 

,, lltll . r fluid '.vh.n •!>.■ i*-- ' ' " : 1 '"~ '"'^ ' " " _ ilt r . h , -tow. ,rr-:,: 

t- i > \ ' i ■ T i ! 1 \ ' 1 V 1 1 1 ' 1 1 n ' " M ■■ 1 * t 

»".-.• tl.,w rl'.iniit-. ' Ul , . ... »m" ,, - T .-»•!:. ir:it'"i v- 11 • 



20 



— — " — - • ,o rT;: i p»,u„i »,,,„ ». — - - 

,^,, u dinal »f * «»« . )„«.,«,,., of .he 

„„„„ o, * no » c, tad ,, - h. ™»"» ■* to , „ tt „ *. 

„„ t , be „ee„ lta lh . n»,a ™.«-« 

buffers- 

,„ e „ th „ *, e™— > - ^ 7 ™ „„ v , h ,. ,„„ ^ —d „ 

» Pa "'* ,d S , . S .n».v« "'.hod o, »„« ^ 

-w- — - •** pari,< ; — *» 1 ,,m 

A nP tr the- , US ccptibihty to a held. A 
according t° in*--- r 

achieved 

he l, w -iO ui" i" a» ow observation of the 
; Profcrab K, the channel depth is small enoug. . c B . ' q[ ^ 

flowing throu ,h the channel by a -oscc^ . ^ t or ,-anslucen, 

rescnt mver , lon , the *icro Oo. syste. co.pns , . ^ ^ u wlU be 

over, for covcnn B the Ho. channel. When the co e - ^ ^ parliclc o, coU 

possible to observe ovenum the flow channel, eg-pa^c 

Thc raem ber .th the 0. channel .ay be ^ ^ 

V, „ Plexielas Teflon, etc.. glass, ceramics, met, 
polymers, such as Hexigi^ 



30 



steel, etc., etc. 



milling, etching, etc. 
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, lipr .,.. rr ,,..mb.Ki,mvmof..h, .nven,., t>, — — 

, i i,,. ~\.-y n ■■Mil 

Tiv, niav rit.- a magm^c taia. . 

; ; U rh fields. 



ar.'l a:iv 



, in hmaT ion ' I 
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i . .1 v4i Tii 'icnt 1 ts such a> 

t - ench 'i- rare ^ jlkii ih^m— l - ■ 

r ] j m , v he neni-rated bv permanent maunet*. 
A matinetio field m.i> be. ^eni.i . ^ 

_ anu! ,,ermamum ni,nets. , — of ^^^'^ are p „ fcrab , 

— , e, . — — . B Manual, perpendicular to 

portioned adjacent to the flow channel so that the ma.ne 

a longitudinal axis of the flow channel. 

. , .. _ of , he .nvenfon. the magnets are pos.uoned ,„ and glued to 
In a preferred embodmien, ot .he ^ the 

, field inside the m.cro flow system may be adjustable. If an 
The strength of the ma^neUc held ms.de of tRe field ma y be 

— « . used for ^erauon of the ma.net, , , ^ ^ ^ 

vancd bv v„rym e the amphtude of the voUa B e input to ^ _ ^ ^ ^ 

k .net and the flow channel of the micro flow svstem. 

between the mapnet ana tnt 

tK(J mirr0 flow svstem depends on the 

„ - '« - " ™ " , s J oK « pat.* . 

lh . „,U «,.K a fare, of a ,p„* - .fe « d ^ 

Jl<cl ,, m ,.,l »«. in. »»» chan.,,1 «»«• • »■ ^ ,„„ the ^ channel 



thrown the cor re .pond.n B ,.lh« r ."»l«» 
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n i irv ^, T t i >b.M-u:ir:itodfromth,f.uri 

, .... t h>- *■■ irtr • ' 

. n , ; )ri , i( l ,.n^ The V:rm 

t fnt( . xt t,hi' wt'i^ stamina f parU dr. For 

io present t_ontL\i., ^'U^tiun m tnt ^ 

„«,„,,,. ... -<•■ v ... .< «*• " p-* ; • suc „ .„ ,„„, 

«... ... * — »«" = n ™ rM r ,; ., „ „^„» — «■ ■ — fc - 

., c e,U„h 1 .»para, a ,luu to ,, e a«a e neucf„d 



„ rhannc l bv optical m.ai.i. Pa™* 5 

, errB Wablvsta.ncdwith a chromopnonc.ca S 

, h , s mc.al electrode, such as «old electrode. 

- — - ~ bc - ratud .,. . — e^t, 

etc. The electrode may uc P^'-i de thc uo w chan„c 

^tion of charged molecules m thc lima. , ccor dm K 
force,, e.g. »or separation o. . , :im ,uon of parties contained m .he ..o - 

produce dielectrophoretic lorcc, e., fa ^ thc clecl ,de. are penned ,„ such „ 

^^^^^ 

wa v that the electric field u e. 

f Irieca ^MH/. field generated by electrodes 
.... ..-HncfLldmav be a h,gh frequency held. c. S . • • ^ nzcd an(! 

lneeiC ' . " . banne l Lmne cells posmoned m an e,,ca.ct 

portioned inside the flo W channel. m ^ lQ separatc „„„„ 

n a hv thc field and thus, an aUematint, 
will be influenced by tnc 

from other particles. 

- ut il.sed for immobilisation of particles 
^ par.,*, W b. bdd » '» ^ „ lh lU , p ,„,=Ws ,„ u*. 

,p« t .c pen... .* - ^ - ^ ■ — : bI pe , b „«a « - - -7 

i ,v imrlpreo a washing sLe^ ^ 
The particles may undergo 

them. 

fulfilled bv a micro 
ffthasp ectofthein V entiontheaboveando t hero b) ect S are 1 ,f 1 l. - 

, 5 Accords to a fifth aspect ^ ^ ^ 

flow system for separating particle. 
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; i: 



>nt:;i:a:i 



t v ■ , 



It; l means puSiUnne 



.,1 ;it UIU . oii.i "t'thf flow ehamu'l for >' 



, ,v- ■ Orul ir T <> the flow *.li;itm« ■ ; 



0 



15 



20 



to tr tVio other en( of the flow e^ai^f i n.i n . 
field eeneratms mean, positioned prcx.ma,.- to Uk othu ^ <lr:|WIl 

, . . ..f t o„ flow channel whwby tlx; partitl..* a. .. 
field substantially alon K a Sone.tudmal ax,., „. t.~ , an( , 

by tnt field alon* the channe. and distributed accord,, to then- W >t.b,lu> t . 

their mobility 

F „ ^ nteane. for „ . — ., W — » *< «^~" 

. u ^,.nt least one inlet for entering; a sample containing 
. i.- rr .r' -H'-Vi i» the other end hat. at least one nuc 

" ; V d mlcrorloVulc , , e ribonucleic add or protein. The samp.e ,s entered 

mipronc label etl macromu.ewj.t.., 

h e the particle, ,re drawn bv the ma R net,c field along the channe. and. as bv 
channel where the particles arc . ..^.pnnbihtv to the magnetic 

v, „ the D1 rt.cle. will be distributed according to their s uscepub.lits 
electrophoresis, the particle. Redetermined time 

field and their mobility. The generated magnetic ne.d lemo.ed .... 
nerval and the distribution of particles can then be observed 

.harac.cn.t.cs « ocaed bv , *««» ™™ 1 te I""'*" „„,,., wto> 

«, "I the »« oo.lc, call c,„ SN ucndv bo Inch Th, S ,„ e pec , 

. lrro , ncrB rc.peri,e S o,,h,parUcle» The dctect.on rneam. can in an 
decimal or other p.ope cto , a cte™t.cs as a separate 

.ragmen, b, u,ed Cor count,™ ct pnrt.c.es w,.h the 
(u „«,.„ or ,n c„n„.c.,o„ «,* -n. o, .he other era W,»on, S de.» ,h,d 

,„ „ t ^ „.bo.,„,nt, the M «e„,h . — ^^,^7^ 
,„ „„ sl ectro«a„et or to a « - or * -«-»« "« ,„ , de , hc 

operation mode, the field is ^ ^ the samplc 

particles are ..dispersed and moved out of the sort outlet. Part, 
1 bv sw,tch,n, between these two operational modes be sorted out ,n a h, C h y 
form An example of th„ embodiment .soutlmed.nl-iR B. 
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, \.„ v * { ) tii- invention :nv.,lv«- 

, ...-,.„,. ■lll'T.t. !!>'■ ' ' 

<■'■> •» turtle lu: ' r " N "'- U )( . . . r „, :m( . n , ,:,(»• Hu,l eorapnsmutne pan.o- 
:v.hu- for pert-rmmu pn ■■tr-atm.-.u an »" ' ^ m ,„. lr ,,„. 

The. p<,,b,Wues are —J ^ — maRnc uc or chron,ophonc — 

- ' b, - f0rt ' L ' m, " nnfi " " , jr ,.,,:,::„, the deflected parn.es or 

nl eans for contacting the deflected particle, w.tn on, 

K , lff the pr0 . tr catment and the post-treatment facilities, cells may 
Bv one possible combination ot tne pr, sep arat.on the staining 

.....4.««, ic nrovuled that 

thp nrescnt invention tnat a imu^ 

k is an important advantage of the preseni 



. . ore .. r . ir ,enr,on that separat.on may be performed m one step. 
R is another advantage ot tne pie*.ru in.e... 

of the present invention that the particles can be separated in a 
[t is suU anothe , advance ot P ^ ^ jt5olf and that separated particle- 
— » Ho, without substantially e ^ ^ ^ 

mav he collected at corresponding separated outlet, 
.nterruptthe flow in the flow channel. 

f th , ,.,,.ti0P that the particles contained .n the sample hv 
It » another important advantage of the ..,c. - )n one r() w such 

t hc advent of the flow rate of one or more guiding ^ _ w „ h 

i i sorted individual^, lnib results 

channel and a sorting system with the nighe- 
charactensucs exhibited by the particles. 

of the present invention that the m.cro now system vs easily 
30 y« ««" ~ 0i *:Zs«»s. such as How cytometers, How potion anaWs, 

.ntcgrated into other continuous flow syste 

systems, etc. 

f the presert invention that particles may be separated into a p.ural.tv 
U ,s a further advantage of the prestr. suscc ptibihtv to Uv 

3 , of gr0 ups of particles, e., different subpopulations of cells, ha., on ^ ^ 

1 grated across the flow channel of the different .roups of articles. - 
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It ! a tur 



. h .., :1 ,|v;,: 1 -.,U- -of •>■■•■ I"-"-"' " ;v, ' nt,i ' !1,h '"' !; " ,:1 



,. ,,„„„„..,-, 

< — t „ - - 

* „ tkc Uhr,r'itnrv environment aim 
without contaminating the lannraiorv 

wnrkinu with pathogen Inomatenals. 

u , s a sllU further advantage of *e mention that * ^^^l^ 
10 provided allows a gentle treatment of b.o.ogical samples, e.g. tragic 
two guiding buffers are introduced in the channel. 

t^r. tVi-^t n hieh concentration of tn* ^rt^ r 

U l8 a sull further advantage of the mventton that a h gh and sorlcd fu , 

ta obtained even fro, sample, w.th rare occurrence ot particles that are searc 

15 ... lH _„ ., nBW system for immunomagnetic cell 

Acc0 rd,n g to an unportant aspect e, u. — - ^ ^ ^ fobncated ch, 

— and ^pulafon is prov, e ^ — ^ , ramunomaRnetlc .paraxon 
The system combmes the advantage of flo*c> torn 10rt , ble mlC ro svstem tor cell 

techno. The How chip will be ,n ..nportant component of a po U,e m ^ 
, 0 sorlinP and anaWs, The flow ch.p ,s des.gned for rapid —^UU detection 
" wllh out ; ,, pressure drop. Us s.mp.e and cheap fabrication and versatile . 
liropertl ,, offer an alternative u, conventional cell reparation ,v,em S 

, fh ,t a micro flow svstcm is provided that is cheap, easy to 
U w an advantage of the invention that m c r of aut0 mat,o, 

2 s operate, versatile, simple and portable and that of.e,. P 

H.rt that utilises the advantageous fluid hehaviour ,n 
A mintatunsed flow channel system ,s provided that uU ^ ^ 

micro s> , tem , The invented system operates — ^ ^ ^ ^ direc t,on of the 
B .,net*blc particles in the separation u ,, he p ^ ^ ^ ^ ^ _ ^ 

30 magnet, held while passing ,t continuously. By s P h * ^ rf ^ 

the deflection of the parUcles can be used for separation of part.de. 
each of which leaves the flow channel through a specific outlet. 

■ ^ss> a'hws efficient enrichment as well as depletion of 
The continuous separation svstcm a SS, ad.w. et! micro8 cope allowing 

rQQ ,c Hpmened to fit under a microsLu F 
labelled sample contents of interest. The CSS u g <)f ^ 

cv, ™t,nl cronerties of the sample and the control oi y 
parallel detection of the optical properu 
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An a.ivant:^' .. - f l(l . Mi uin to ^;>;ira:- : 

from the fluid ......ta-.nmu particle* 

, ,,„ ... ,,.n or partide subpopulati.ais irom .. 
r r h r invent.on «nabl,. S isolate «t mulu»m I 

'' Ur,h '. , n . TU „ ro , K nm.<l, ami d,n,uon of the ton. *• -n a «,*n*u.,- 

, mKl o sample at tnu,amc urn,.! He mau n thc m , sm tude of the maunetu: fi.-ld and 

p^de c,. a ma g net,eallv labelled cell * «ependent on the ma, 
lhe nuro ber of ma.ncuc moments inductblc :>n a labelled cell. 



p = N*S *ul!" grad B 



0 



article and N.s the number of particles pet- 



where S is the number of Bohr magnetons lpB> per pa 
cell 

, , ,-,1 directum in relation to the flow through 
Beads with small S are mo,n g a ,ss Stance ,n late ^ subpopu lauon of 

, . .v.„„v,^with a higher S value. This can be 

the flow channe. tha.. b.a. - channel m vanous uULlcl 

,■ . k 1 wi w ..b different maenetisable beads. Bv splitting 
cells labelled w,.nd..ie . individual F values 

channels cells can be d,snn P u,sh and separated due to t.u,r 

- j r thp mrticle Reynolds number, based on 

- - f - - ■ rrrrrrrr « _ - - - 

modified version of Stokes law 

u v i 1 I r-hc relative velocity of the particle and d is the 

„..,., — — ->JSl~-«.- 

30 designed. 

T i.„ r <Vtwp gravitational force G 
, to e „„p,c. , S «,vc for «p.™unn by T>, o„o 



r tufiiii' A 
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ar, ,-qual when th.- m;.x.n.usi» v, : | : ,:,ty. t.», ■•".•Urn* v..,.«„> . »" " 

5 found as 



The velocity to a given turn- t can be found as 



10 



Kor a parade submerged in water with a dieter of 30 , m and a dcns.ty of , .2 u.»« the 

densitv of water the S eUhn R velocity ,s 0 x UK- m,. The particle w.,1 reach ,0 % of th, velocny 
after •> 1 k 10* second, whv the transient phase can be neglected. It will take the part.c e .. • 
nds to travel a distance of 30 „ ». wh.d, makes the method reasonable to employ for 



seco 

separation purposes 



While instrumentation in chemistry and biocheanstrv has become more automated .n recent 
vears . preparation of samples remains a hi.hlv laboratory intensive task. The « 
mcreasin, for hi K h throughput, easier to use cost effective analytical devices and assa, , ,. 
thls opportune is e., the world-wide effort to science the Human Genome, result., u. t.. 
,„ development of new DNA diagnostics and therapeut.es. Another important trend is the 
" ml nimisat,on of health care costs and hospital admissions bv testin g patients and monitor^ 
therapeutic use ,n less expensive environments, the so-called point-of-care analysis. 

Mien, How devices contains arrays of nucle.c acid hvbridisation sites, known as g enosensor. are 
„ bein R deve l0P ed for a variety of uses in 6 enomic analysis. A S reat deal of the over.ll .cnosensor 
development effort involves optimisation of experimental conditions ,n the actual use of 

genosensors. 

»p« — - » ^ — h,bni '::::;^ ; ,«» 
i„,,,„ 8 p«™..o„ ,„ . n .w. th „ ueh - » a - 
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t ■ ,,. -.-'itl"" . it- ■ KM v. :\ i 

...„ ..„. ,i,. M ,n. a th- 11,1 ^ ' 

IRim ;.r,,s.,:.-r-... ...... - ,., rm ,. vkin .. u ,- Mud.,* 

A ,eord,ng to a s.xth aspe, t „ compnsmR , ffiem ber hav.n* a Ho, chanr,. 

How svstem for anaWs,n C component. ^ fl(jW channcl . first in.et .cans for 

entenn* parUci. ,„» the - ' ^ ^ ^ ^ and _ .m^cd 

flow channel. 

i v „ v .« n t« to at. least some of 
lhe assay sUes for generation of a held p. ^ a[ a 

— . — - * A ^~Z " 1- - - «■ «• — 

.elect.,! assay s.te are attracted to and .u. - 

from the selected assay sue. 

„ - , nlurahtv of flow channels arranged 

,„ „ „ u. — . 2 - - — - — • 

0 m parallel or in series and each oi which. .a. . 

. tt, n Wree number of assay sues, 
brought into contact with a Urge nu 

- . 1V --,^ ., ra othod of analysmg components of a nmdt. 
Accordinfi w . ^^h aspect oe_ cmUaimnK th0 paroles into a flow chan,,l an. 

provided, compnsmg the .top--, of enur.nu ^ ^ ^ each o, 

which comprises immobilised iea t en 
con.ponentsvvhileres.din, in the channel. 

3 » ,mmobiliscd reagents in a flow channc 

, f t ne ,ssav s.tes lor immobilisation of selected reagents, 
prepare selected surfaces of the assay 

t r . xim , luf „ a corresponding selected assav sue. and 
dispensing a selected reagent proxunat 

h , cled sue whercbv the reagent is attracted towards and 
imm „b,bsed upon contact wuh the surface. 
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( , i . - ' i ! i with .i v 1 
mr :m ' ' • ' . lt , ... | ( .-,.t ^mr ni tne area, 
, ;11 , h ,. r ,; ; „„|,a-l,,l.U 1 , lc ..ll..., . irs .„. Ill .r:,t l n i :..fi-l'i 

; ,„apt<.-d to u.nvr.s. „..,„„., th „ flow channel and he.nu 

-"""• ho r T":::™Tr;:: i »^ - 

„. ]ec ,ed w «« «.» Al«.™m. » • „.„„„t„ta,l MM* •*» 

'.""I" ' fflDrr . ng field B ennraun C means Co generate a held proxunate to u, -uu. 

* Urther C ° fflP S ub e l0 the fie ,d a. imW ob.hsed at the aiea. The fcdd mea,, 

reagents being susceptible to the neiu 

nlortrode^ or electromagnets, 
may be e.g. permanent ma R neb. electrode. 

,1 m nn-uuUnon, detection, and analysis of 

macrom ,,ecu»es. Part,,, and ^ W inventlon . ral ,ro flow sy^s and 

be performed on the same microchip. According 



20 m 



olecular biology arc combined 
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URIKI- DKSf'KIPTlON nV FHK I)itAWIN<1: 



u , u . . , .L,., (T ibr.i with P'l-r-n^' t" t^'- 

Kvmpbrv rmn'.-iimeiit.- <>t Uil in^-' Jim 
a ,. f , ;mp anviim drawing in which 

m,1 , — infon arrordmt; to the present, invention. 
Fl , i Ulu.trates the operation nt particle ^.ar.it.on, 



(a , shows the mam embodiment and <b, .hows a co^tcUona. 



ig 

invention 

) flow channel for gravitational separation 



FlK 3 shows a mi- How system with electrodes as field grating means. 



Flg , shows a flow ta « of a magnet, particle separation apparatus a^rdm, to t..e P< 



tVip TM'HSPllt 



^ invention, 



■ n Uamn., of various embodiments of the present invention (aMd, show 
Flg . 5 = hows flow diagram, c.u an cmbodl ment with an 

embodiments with various numbers of inlets and outlets, 

enlal , fcd separauon chamber, and (f> shows an embodiment with an enla, ^ ch. 

collecting separated particles. 



e ^ - ^avtwW m a How channel, 

Flg 6 aiustrntcs entrapment of magnetic pait.t.t.. in 

, , bmt . a. w .» - — - H*- — ™™ » 

25 valve, 

, , i KvHrndvnamir separation using syringe 

F,g 8 shows a flow diagram for optical detection and h>d,od>nam 



If? 

pumps, 



30 



Fig. 9 shows a flow 
(c), 

t m u erc Kth or combined with a post-treatment facets 
the micro Now system, here uruu <- - 

separation facility, 

Fig. 11 shows a flow channel for magnetophores.s, 
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a flow ctiann'-l !..»■ ■» 



I,: 1- ' 



• i ..'itli m ; l (T nt ^ ( ■ 



K IU Ushuwsa How channel h^vuu: 
immobile probes, 

,.,1 . in . r . uf-i-'iv sites equipped with 
Klg . l4 .hows a tlow channel having a two.nm.nsicnal 

magnets to immobilise probes. 

Pol arr'iv of micro flow channels ea;;n 
Fl , and <b> shows two de.ee. each coning a pa.al.cl ,,a> 

of which contains an assay site, 



*■ -f t"p 1 r in flow svstcm, 
F,g. lfi illustrates the preparation ui a n.ic. .. 

1Dro ce« for ceparaunBfelaJ cells from a maternal blood 
FlB . .8 is a now chart illustrate a process .0 P ^ 
sample by combming different separation mctnods as de.u 

20 DETAILED DESCRIPTION OF THE DRAWINGS 

UA t . f thp >nwntl on. nia.neucaiiv stained parades, e u cells 
Vcordin. to a preferred embodiment uf the .n ^ ^ ^ macne uc beads, are 

separated from non-mapncUc particle.. rlr(>m ,, nel r„ slll ve or negative selection 

mcl hods may be employed. By positive cell sepa.au . 
and isolated from a heterogeneous mixture of cells. 

fl 0 w 

„, ,„ lem , „ .ho.- hav,„ 8 three "™< « «»''" ^ 2 „ conlm „ 0 „„v C a,d,d 

.» aepa,»« 0„» « « * - ^ ~ ^ , ^ , „ p „,„, , 

„ eld Re „,,aUn e _ ™.nn»« a » * - ' J J , p „„ cl „ 

te „ cral e, a a,a e n„, ~~ » «"« ' ^ „ ^ ,„„ lnc ^« ■» 

„ ills „ tht „ M n«ic <.eld «.«n. to ,ly a,.,- pare*. ^ ^ ^ r ^. 

, nJ ,he flnw channel » U, W ih.r w.U, .he 8 u,d, W 
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... , r . ,, . ivmai:; m :r, f.-a. - 11 ' sV — 

■ - ,),,.. ■, >'.- the waste out 



1U 



2d 



i | , t-ll hit' " 1 'l inert ; 

, f,,., v • , !.i:iiiii.u wi>n ii m i- 
. , ... . hf . ,,„ai! channel cmensi.ms. t.i ■■ f( .„,. |b ,,. , m ,e the .-..mart ir.-;i 

f(> rc„ M-.nB of the sample flow ai.d t.. - . ■ - _ The lhl cknc,s of the , ample .low 

w , na „ .nd the contact t,me « ***** - « - ■ ' ^ ^ ^ Thw cn:lbi . 
can be pvec,e,v ad.usted by variation of the . ^ ^ ceU typt , aIld 

.dement an, .V.* — of the = • ' " ' y „ ^ thc Bart ,;... m 

i - finw of the sample and tru- ia ~ 
Tho volume iio^ oi un. » 

^samplearohnedupnuoa^lestreanap 

„ .vtremelv sensitive filter for 

.... - -» — - — S " «... MACS. 

- ■ " r i 1q labelled witn super^'—n- 

— - - :: h ::::::;ii:: — - — — — • 

low Reynolds numbers ot tne iW - 

t„ the influence of the magnetic force. 

« ..... . a— - - ~ • -'::::i:r 

matcna l such as polymer*, .las., . 

etc., etc. 

3, 1V er,andw 1 cl,Thecentrallav e rl4 1 sas 1 hconwatev 

The first micro flow system (a, shown is - - - wlth a transparent plate 1' 

« a How channel . etched into , The silicon wats^^ ^ ^ ^ ^ ^ 5 t . 
BUC h as a glass plate, having a thickness of e.« - n ^ The fluld 

observed through the g >ass piate 1, .* * J ^ ^ or Te flon - 

inlel , and out,ct 7 are connected to tu in, , , _ ^ ^ ^ 3 and 4 and the 

.„*„„. flui^ into or discharging Huids from t ^ ^ ^ q{ ^ 

outlet 6 for the separated particles are not ,hown T 
facilitates mounting of thc tubings 

♦ nn was designed with gravHation 
M of thc o.cro channel system for separation was 
A modified version (b) of thc mi ,. ir denslt v and/or diffusion constant, th 

, >s thG force field, thus sort.ng partic.es due to t ^ ^ ^ opcratlon 

, mainly being controHed by the shape and «« ^ ^ ^ of the force of gravi, 

posted w,th the How plane syslem , has a sample Let port , and 

, nF ,„ o(b) this embodiment of a micro 1 . 6 

As illustrated in Fig -W- fe ff , nle t port 3 and 

t - l0C . Ued above the micro channel 0 ana 
an outlet port < locaieu 
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, .. , u .;„ w V hr micro rhanr."i > Mu ...i.n! , lrmMt .> % 

,L..;.v 1 "" _ " , . , n ,iui« ai«>«« t»>«" h-»n*.nia. 

. , . , !,, , lus ,r: tsvu b.miriateM I;,'*'-:—.: 

thramh ir.lut p...-. .i .» Un* a... ht . , , |llV , 

t , , n , rnm s|v f.owmu thrm*h th- ..-parat.on t„.« ..»>...«• ■ 
iiim . an . rr , !a t« Ill) .u»,.u.M.. buffer laver fcv 

WWpn t he sample contairanK particle. 9 pa.-.M s t.a. 

,,fiot 7 The vertical displacement ui u t 
> flow channel 5 through the waste outlet , ^ ^ 

v ,t ■ rlens.tv and diffusion constant and the contact 
sample is given by ife densiU dg m( , 

. TV ...„ p . la „„ The contact time is defined by the total flow rate 

it; uuiu»"b ~ - - , i r, Tkp evstem can ljv. ------ 

throuBh the mic, .stems I and the len.th of the micro c. , ^ ^ ^ ^ 

such that a desirable or appropriate specimen can * w« ^ ^ ^ rf 

, 5 flow due to their density and/or diffusion properties by ad.,u.t,n. 
R u.dine buffer and particle containing sample. 

f„rrW inlet uoi'ts for entering a second 

the sample and the second and third gmair* 
contained m the sample an- .ncd up i 

... n,m- evstem according to the 
2 , mention. e.g. as shown in Figs. 1 and 2. , shown m Uble 1. 

Table 1 Characteristics, m.cro flow system 
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fUn j Material- Sihciura Oxide. S1O2 
Manufactir^^ Material. ^1 

Photo-lithography 
Wet-chemical etching 

Flow Channe] , 

, n 1 0 55 mm width x 0.04 - 0.2 mm depth 

Cross sectional area 0.1 - U dd mi 

, 10- 200 mm 

Length 

Total flow rate [uUmin] 1 - 200 
Flow velocity [mra/min] 15 - 180 
Reynolds number 0 1-20 

f . 0 1 <ec - 0 0 sec |2 ^1/min] 

Separation time »■ > 
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Ma£ nrt 

p (ir:i; -it Mai- nW 



; -> v n f> v O 2 mm 



Holding M:iK 



10 



15 



20 



. dt ., 0 to generate ..n«tertnc field aero., 
^ .how, a micro Ho, s.teni 1 --^^d^ dielectrophoretic or electrophoretie 
the tlew channel r, The electrodes 20. a t0 taUe p!l ,c, gold erodes may 
— ,r Pan,, separator electro, ^ J § ^ ^ a , ltagc across *» 
bc phoned at the inside ol the walL <^ U) „ longltudlM l a»s of th, 
. Mormcal field is generated substantial >P ! .wulcs ,n the flow 

" , f rausc deflection at chared ^ 

i ^ho electrical tield caubt uci ^ampte 
flow channel, .htek-Ctr tir ios ««ui be deflected away horn the v 

channel 5 wherebv e,ec,ica»v char g ed P- ^ ^ a guldinR buffer also Cow,, „ *. 

— parucles no.. . the naicr^ ^ ^ _ ^ , anne , 

now channel and abutting the samp- .on 

svstem 1 as shown m Figs. 1 and 2. 
^ . h0 ws a m ,cro How apparatus 22 mcluding a micro o* ^ ^ 23 . 2. two 3- 

— i «-.•■> -l and two ouuLLs y>, ■ 

i K ^ two in eb -5 anu „ on Qrp vj^ed tor 

The micro flow svstem 1 ha, £ , tuhings 2i , 28 are u.e 

, - -Hi ; ,nd capillary tubings-/. -o- lv n f the micro flow 

way control valves .5,26 ana ^ 3 , 2 . res pect,veh . of the m 

inle ,connecUn C the two syrm,,* pumps -3, - 

system 1. 

_ hown , to move the pistons a: 
n ,l svnnge pumps w,th means, e.g. steppmg-motor* = 
Conventional ssnngcp p „ en p ra ting a continuous flow ot tn h 

sv> „„ can W 0P«>.=d » • «» »" d * r „ » nd the „„ple • »■ 

flo« r,(= throush the mttro 1 

-r — • - - - - 

two or three inlet ports and two, three 
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1; The svst.'in -iv.wn m > > *»■•■ f 



10 



15 



>0 



25 



-n' --— " M " L ; :, '" :i ' ,,, '., , *'..'r.--. uv,.K wh,P.H:,,, 

-*^ M<Wrt , r 1,,.,. I- ih'".!' ~U;.i t-'))"bihtv to till' aiipl'-l" 1 ' 

P . . v „ ero with two ml':'. and lw.» .mtlH ports ar- - 

simple' >vsu.m ^naration channel 

„ «- - t ~> — * "• -7 ^ ; ,„,„,,. ,,. 

u t u . width of the separation channel is eniaiUA 
.♦•U 1 1 TYTTtTnpt- when' the wiuui ui cur > 
equipped with a maLne. wn. Accordl rm to the behavioui ... 

^furcation ,n a son ou.ct and a waste out.et ,* shownn . ■ - ■ fl()W 

i ♦ , rf the cross-sectional area occupied on 
, immk , n -1 How channel, tne M/e cl the cro. a^o^-P 
nq u ™l Ar-Wine to this, the transversal a.^an.. 

P—l to the width of the ~*«^^ increase of the width of the 
between two panics A and B is increased proportion to th ^ 
t , . v A v„ P r distance between particles. which are to be sep 

- LWr "" )flhe mechamt ,, separation. F, 6 5(0 show, a micro How syste,,. «n 

hlgh er selectivity of the mechanic ^ parudcs an . 

width of the outlet channel 0 . statnin, * — or cultivation 

collected for further processing or analysis. e.R. ■ 

x f , - lP pcd ms.de the micro flow channel 5 for a 

EuuS illustrates a system ,n whteh particles ' lhu ma , ne t,c field is 

de£ir ed period us,n g the electrom^net-equipped a PP ratu„. In - ^ 5 

♦ w,-i ■> are drawn to the inner wah ol the miu 
adjU8te d so that magnet, partes U - electronia gnct 8 the particles .2 

* c 1 'nnn removal ot tne uiaein «.v 
close to the electromagnet b L pon procedun . 

are .dispersed and arc rapidly moved to the sortm, outlet po, t ^ of 

■ -nrmu-us sorting procedure that is pa.ti.ularly u.- 
1S an alternative to tne continue . or P „ ul a he a problem. The sortmu 

u - ^ilntinn of the sorted evil iraJi"- * 
extremely rare events where ddut.on and 1S open 

o-t pon e mav he closed when the current to ^ parUcl , , , 

when the current to the electroma.net 8 , turned otf. T pamc l e8 12 are 

the P-ess of betn* withdrawn from a continuous sam L ^ ^.tation at the 

attracted by the magnetic field and withdrawn from he ^ - ^ 

inner wa« of the micro flow channe! 5 proxi.atc to the elect om e ^ ^ flow 

supped to the electron S is turned of, the -neu^ ^ ^ ^ ^ 

again. The separation How channel may not have a sort ^ ^ 

mlcro flow channel 5 after the sample and the entrapped particles . 
the current supplied to the electromagnet 8 

„ fllv , r ..,w^nUon for separation of particles fulfill** 

FigJl illustrates another embodiment of th, p.c, a - ^ a 9 _. way valvc 

f ,v, 0 -.molc'lhvhvdrodvnamictorcc Th( apparat 
3 s certain criteria from the .ample ., . ^ ^ % 3 tw0 

40 and a micro flow system havm, a separation flo, on 

v o 7 The sample 0 containing particie. ei 
outlet. C. 7 and a collects chambei 3 , The samp ^ 
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■-1 . |,r • \V ' j > ' M [ ; 1 l . » t-i 

h ,r rip' ) " il^' I1Ul 1 , , -<'inil)i )- l " 1 ' 

" ' , , r . ( .omrrLs,smomlonnum,ai^ ha..n h , , ... 

m Thr fnntrol meai^ <- JI,l ^ L - rrticil v ronm.< L . ■ 

, n . fT , ., cc ) '■;inii , ri'cnip ora . tr ; 

l: -R a ph^umpUe, ^ (I'M - - ; ; n (h( , ,,.u„,. wh,h , ,,a, • 

the , lC ro,co P e o b ,,ct 1V e IB The ob^euve U, ^ <lc , nt>(1 by ;l p.nho,, or *l 

,„ oC ■* *~ » * ' ^ „ „,„« *. 

a ,v, .,. . P««>«™ „ ; alte „*, channel 7 . «« <*« 

.i , r The How restriction ot tne wa.it 
chamber 37 to the sort outlet (, Tlu ^ by attachinR a flow 

, . t „ r ,„., t «hown) to the waste outlet channel „„, Wtinc chamber ■$ , is 

' , , nt parucles „ deflected toward, tne so, " " u lo flow 

sample 0 c.mU...i..R P for , >0 st-ana.vsis. Otner pa, tides c. 

, ed to collect and capture the sorted partes , 
ut through the waste outlet?. 



U: 
(11 



, „ „ M b ^.»»« .or- ~«** » — 

,« a ™™ e ~k,„, « >^*:2z^" • -™" c ^ " h;bi " 

pro P e,«». ( » ; ne „„ „ P c„s ». 

h«. «•« 1 " ,u "' ™ : ; T111 „„„,»,.. „. * »«" -* " mi \ 

.« — - - dc - rf c : i ^ to - d "" B * * 

.1 purees can be used, e.R. laser, iui^ Various 
optical detection methods, e.g. 

micro How channel may be mo 

. , r . u , cd sample can be analysed a C am. usmt, e.w 
„ unnB or after sorting, tne capped P ;j7 an(1 can t , 
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p;irt , 1 ,,, nl ,,,w: t hto„Mu>h 1 n e! .„i, ,h, m -r .v:« h 

.. Ilt( . rl ,.,, h ,. m :M-. 11- .v .;,•„> mi ^ 

„d r„ t ,rh,,v.. a m.n.m:.l ,hiuU,n „i th, grated sampf 

f r .,,-t„m Hydrodynaimc separatum o. particle* c.. 1, P« • 
lil lUl ,a, and /or other properties of the parUele-con.a.n.m 

the sample 9 are lined up in a single excltatl on filters for c.r 

„ P „^„ VP ,6. The flow ls illuminated with a mercury arc lamp P-,n g 
: ' .. in meas ..emcnt A dicrco mirror reflect, the excitatmn ., B nt to the „rw • - 
fluorescein meas em emlS sion , ejected by the same objective lo 

—op* objective IB The fluore.cen hnuting the detection 

— a d lC ro,c mirror. Behind the mirror ^ ^ a short slgna , from the 

a ,. ea t0 a small stripe. Each The photomul tipher si g na, ,. 

photomultipl.er that is optically connected 

amplified and transmuted to a peak detector 

f ,he valve 40 used in this dev,ce ,s 1500 H* which corresponds to a 
0 The actuation frequency of the valve 4U u. 

minimal actuation time of 0.6 msec. 

■ a ntr f the reparation apparatus shown in Fig. T with a 

-.Itprn itive embodiment ot tnc ..cpa.un r. 
Fiji 8 illustrates an alternative en _ The sample containing 

specific cell has optical properties causing ^ 

( , , th „ q , eD per motor of the pump 42 at the waste 
thc SO rt outlet ,s actuated and the PP ^ t ^ ^ ^ ^ , 

causinR the h,u,ds to now to the sort ou Jet 6- Th sufficien(iy ^ 

3, swttched on, respectively thc pump 42 at the waste outlet ,s switch ^ 

. j ^,.11 has entered into thc collecting chamber 3/. When o 
to ensure that the desired cell has entere „ nt , ed the 3-wav valves 43. 44 are 

,n 42 after some operation time need to be emptied, the way 
syringe pumps 41, 42 after so ,u PV oue n for flow from the separation flo^ 

switched from their norma, operation position where the.v open 
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t , .... ... , i:lt u ., ; .'■< r- wm-P- thr -i-wav vaivr> i > 44 



■ , ;m .| < :.nt;in^T umr. .nnwrn and wty 



a* 



i- i .."i-t-rp 'p. vrin^ f " pump.- a. 

-n - r- r- ^ivini' th- -;vnnu"' pump- .1.1- at* ' 

,. r ,i irr , ln n *.,*Min»tv th«- .-ATiiur pump.- 1 1 4-i 

^ , ! i i The ^-ii^ul'' containing particle ^ 
K . K c )<a} ^v,rw,>tlowchann,ls I r ). 4(> operating in par ailcl > 

, , 17 i« rr^rectivelv Tho Ruiding buffer ciuuu- 

flow channels 15 16 through inlet ports 4., 48. rc.pccUvu 



:> 



0 



OS 



He fc« channel, .n„,a E h .he ,nic, „• «. 50. respecuvolv ,n *, flow *• 

snsccpuhle , «>, f,,d — » — »■ — "* ^ 

, „f ,h 0 onmnlf leave the flow channels 4j. 4b 
throuuh the son outlet 03. The remaining part of the sample 

5 , „ ...pect.vdv Separation is increased by usin B a plurality o. now 

through the waste outlet* a4, oo, rtspecuvciv . o h 

channel? coupled in parallel. 

Flc 9fcijiQjLl£ , shows examples of combinations of m.cro flow systems for magnetic. 
b ^ it ^ ijMX - . F „ q/W) oarticles are first separated from a sample 

u... r ^,, na m.r or gravitational separation. In Fig. 9(b), particles 

,1 a B a.„e„c separate channel, where after .he sor.cd par,*, .re sob.ec.ed a 
edrcdvnan,, S c P ara.,o„ *. „ op.,cal ^ * *. ■»«"«■ " " ' „ 

L,, ^ ^ - . — « - — r;™;:;rii; ; 

p „„ des or ro archer c.„h,„ t ,on of proper- or d,arac K r, t ,c, In F«. » C »^o... 
l„„a,on dunncU are espied ,„ eer.es ,n «-» » »h»n . h,.hl» P-nh- produe, 

^..W^- -™p te =.' »,er. now syete- »a™ 8 ».ane for >— ' ^ 
p ,,„ lci e« .ahlluorescenceormaEneuc probe, The «««» 

,or r.„o„, o t *e probe, or for o.he, rreararen, o f ,be eo.red ^ . 

C , , r... :-..,.u,t^n aT ,H cultivation or storage ot t... 



30 



contains a micro flow system containing - 

,„ K „,s for ee U Ws,s o, ^ . — , SS ,r - «*~»» " ^ ^, 

„„p,e ,or for.be, proeess,„ 5 and a e„an„e, 5 A eanrp.e » ,,rodn=ed o .e a. c. 

f„, svsrer, v,a an ,n,e. * and an. or nacre ,e. C e„ B can be added — , » «« 
„ b,cb ,s rraneporred ,n,o ,h, incnb.t.cn channei 58 A s.rapie „.cr. flow s.roe.ore was 
proceed for eaccp.e pre-rc^en.. Prefer,*, .he How rare, arc „a„a,d b» ■ „ , U 
tonl ,,„ed s ? r,n E e P n„ps The .nenba.,™ peed be„ee„ n,»n E and „na,v„ . » , ■ 
B „ en b e .he vComerrrc How ra.e of .he s,™ 6 . pe»ps and .he cross-secona. area and 1.-... 



the incubation channel. 



33 



^ shows a „,ero O o„ ^ for «' '" 

o^ens from a sample Ma.n.Uc bead, ,.b*d w,.h a nnoresc.nc, d„ and a p, he. ^ 
, e DNA are added .o .be sanap.e wh.eb ,s .hen ,cnb.,cd Th,s sacp,, . en.crcd ,„,. 
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.nr-mLo th- -p.ii"itinn.:hMm!)«-i ■> -'".i ^ s ... . i - 

ss ,hl, t - ,ahhr,t, th. astern and • -P*' 



. standards .,f kiv.wn .■>!/.••. >! > s I" 



<• u UNA due to their size ami shape *.mnai i 

■ „r -.vr-iv A micro flow channel f> has a 

6U« ««" '« ri:1 " " " „ th .,. „ „ 1 ,„1,V,.1„:.1K 

„|„rah,v of assav «Kk »•» "»~ '"' ,h "- * , ,, 

u i »„j nWtrodes 59 while a fluid containing 
selected electrodes 59 by applying a voltage to the selected electrodes 

0» corresponds probe. ***** * «— " "" "7 ' . 

„ f ,c pi. Vo,.a e e „ ,** » - — * — «" *" ^ 

P j „ tni . ntr m entered into the micro flow 

. v „k 0 r^n^ent or indicatoi ; etc. is emeieu 

■md a fluid containing a spcuu^ H r.^c. i 

app „ c , Sohse,,* U» ^ - — - Then, o ^ ^ ^ , , _ 

i ■ n\\ RNA and protein dves are example, oi pieces. 
Antibodies, fluorescence molecules, UNA, lUNA am p 

f he qelectivelv applied to the assay sites 

i ,i.r,^ ' so m-i' r netK force can De seieLuvci^ i k 
\« -m normative to the electrodes aJ, i'^h ncu - L - . 
A & an aaername ^ channel o to 

wuh an array of electronta.ncts positioned at or near the ..face of th ^ 
5 —e probes etc. that have ota.neuc propert.es to esired ss • 
photoactivation process can be used for covalent couphn, oi .o.eetdes or parade, 
of the channel 5 at the assay site. 

, , v, s UNA which has an overall negative charge, drawn to the electrode 59 
One example of a probe is DNA, wnicn nas 

30 * . P»™« ^ » DNA-i:oaicd P«»*= 

t he surface- of micro flow channel 5 by ma S net,c means 

Bv nation or coati, of the ^ of the .,0 ^ ^ — ^ ^ 
raaK nets specif, chemical and .echamca, p,pert,, can he ere, d^ n ^ 
3, ,rce S of the probe, the surface .ay be coated ^ a spec, c , or 

as u ,ethane or a reactive che.ica, group When t e cu n ^ ^ 

e lc ctromagnet is switched off the probe reams on the surface e.g. 

,nca P sulat,on or immob.hzat.on of the molecule ,s achieved 
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.. Mr „,l 1 ,M7;iM«ni (-I parties.-. - , .... 

r ":"":r::.' „ ^ » » - ~; , 

measurement, un the pa, - - , _ m , n tht , mlcr „ flow *v«*ic. ,pt.,.n 

w.th .hffercnt chemical substances, for analvMs * 

detection mean*. e.R. a rmcroscopc may be used. 

■>■ nf assav* can be performer) w a simile 
U . an .mponant — of the dev.ee that a numbe. o a wasbme steps, and 

device. Dunns operation of the dev.ee. vanous process step, a- 
,,, lg ent addit.on. etc.. may be performed. 

. _i . ir ,. n , r n f qc=;av sites and 

r Wu . p Wlth , flow channel 5 and with a serial ana, a... 
F.^showsamicrof.owdev.cewithal.. cart r.dge 61 ha, a flow 

channel 5 witn an inlet - a - ^ po?;Uoned bclow 

00Sltl0n ed exactlv below the second cartndge 61 so the magnet. 
rl y .«. -he Ho, channel as shown in the f„,e below cartel. 

or F,«. 13. may be positioned at the he or reauent usin, e.e 

.. ltlom „ B a dehned volume of the liquid containing ,he ma.net, 1 . nm , ( , 

pUbltl ° n ' ' , WI , hl n , , P ec.f>e volume of the flow channe, a ng,- < - 

inkjet based dispenser teennolog, . wuh... . -i , n an w sue at 

tWc „ ma g nets 8 for Ration of the * p o . ^ tl> „ 

, i r TV,** method niyv be iLpLatu.i 

f j Viv mtroducinc a sample througn un^i 

channel 5 wh.v. .t P»»« the array . n™r«.«nc« m.crow 

out , cl An .1 — — ^ » " * ^ „ 1 cte „, c a, ™-»n. 

ln , y „, „,CU»d an .he arrav ,n «. ™»» <1» *»~' " '» 

qssav sites. 

.nrtndee 62 with a micro How 

FjlU *„« a„o t n,r aa.botaen, « *. .n»n„o„ „ „„, 

m »» tS . an- . ^^^Z « - — " * ^ 

ralcro now channel. The assay sues G.i are formed 
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1 . , 11 



t 1 1 



- » - * 



, C.i .md the m:.m..'t "> -r 

, v. lo«-:it.--: under ihrassav s.t.-.-t- 
, h( ,u:u;:K.u I Yb ,. the magnet - ^ .m lo .. 

.... n;ind u may W ^ .,r hvW,.t W n .,f UNA- 
TV .■mb ( ,Y.,n,-Us shown m ru. 1- • mav be .mmob.hsed at a spec.trc 

(1 escnbed below A magrume earner mclud.ng • - J ^ ^ ^ ^ cre3t , a in a Bicr0 flow 

^ - dBSCrlbtd PrCV10U?K '' ln th ' S ^J^DNA probe: Thereafter, a sample co— , 
channel where.n each assay .t. contams a d.ffe - lh ... ? a,pY has hUed th- 

j * mi to flow channel pi lili . 

target macules „ entered ,nto ^ n., ^ ^ ^ ^ a 8peclfic assav 

mR;ro flow channel. After the target molecule ^ ^ ^ ^ 

» t Hnnrp^rcnce prober i= emeu- 

sltt , „ button of reporter probes. e.g. fluor • ltareS ce M c detector. e.g. a 

. e ,«nv Sl te carry.n B the hybndised UNA. Clin h , 

1L " yrc ,oc-, v site? the reaction a. 

Pho^uinphc, focused on the d.fferen a* ■ - ^ ^ ^ magnctlc ^ 

momtored. By removmg the magnet.c f.eld ^ . ■ ; ^^.^ . ^.bk -rr»y 

utcludrng the UNA probe can be removed, so the ^ ^ opcratlon of the array 

ofa?S av sues can be created and wash proce^ 

of assay sites. 

. „ t0 the mv.nt.on tor performs a multiple assay analysts ,n a 
?_^jm sho- a dev.ee accords to ^ ^ ^ eomp „ses an array of 

mtero flow system by asm* a parallel array o - slte with a specie probe 

parallel m.cro flow channels 6, each of winch onta, ^ ^ ^ ^ M as dcser.bed 
unmobthsed ustn« e.g. an electnea! or magne ,c . ^ (n()t shw nl can be 

prev.ous,y. For example, a cartridge contain, mae net.c probes can be 

vontI0P ed below the parallel »«ro How channel. ' wa „ a plurahty of 

rioted . the m.cro flow svstem ^ — * s.multaneons analys.s 

assay S .tes mav be created tn the parallel flow chant ^ rf ^ mic , 0 Oow 

channels 65 



the -am- 



■ala- 



10 



15 



20 



30 



3^ 



, ft 7 which are connected via n 
The _ fl0 w system cons., of two ^ ^ ^ _ sll . An jetton flow 
number of parallel m.cro flow channels <„, , ^ &J ^ ^ was , 

(:hann el 66 has an mlet 2 and , connected to ^ ^ 7l . By hloc.mg one of the 

Ho. channel 0, , connected to a waste on tet ,0 ^ ^ , RUlde th e m.cted 
two outlets 68. 70 w,th the biock.ng va.ves , ■ • ^ thr( >u B h the mject.on channel 

u h the arrav of channels G5 contammg assav ... the 
How through the array . nnels (lf) conta.mng assay sites .s merg 

out let 68. respecuve.y. The flow through allchanne ^ ^ ^ of lhe 
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, , i- rn ,. M-ii-iUfl channel:. C.f) corU.nnintf ,.iy i;Uf - 

b . w „ The wro flow system has three inlet ports 2. .». > t> . i.ai .>.!•• 

■ . ... rn t„ •! How re strict or. onlv one blocking valve , i i- 
mu-ro flow system. By connect mi; outlet port <* to a tlo» rt*tn . 

' , ..,, m H tht . blocking valve 71 between the channel array to and the 

needed to operate tr.e system It tilt mocKing 

r , ^ M ri,.n^ T'hp central laver us a 

„„„,„ hav,„ e a ««. -.hanno, s u-h«d ,„,= «. T* «»»<> I) th -" chann,, 

20 mounting of the tubings. 

.. „ ,. lt . . he foUowm- .J^enunon of the mnnufactunng and preparation of a 

K^.IGO) to .oMllust.ate^he follow^. . compritiinB a 

r w A c.na.atu.n flow channel was designed to tit .n.o a sssten 

j ■ ti , mir ™ rhannel= were etched into a silicon watc. eove.e,. «i.n 
bonded silicon/class sandwicn. The mic.o channel, we 

. , ... of „ ' mm allowinK monitoring of the micro channels, u.mg 
25 boron B lass plate hav,n R a tmckness of 0 - mm all <)00 > silicon wafer 

i e. a microscope The separation How channel was fabricated on ^ ^ a 

A 1 5 ,m layer of StO, was apphed to the surface of the siheon wafer and w a « 

n * \ 9 (;„ni Wvcr of photoresist was spun on top ot tne 01 - 
mask contam,n E the channel layout A 2 tan. ujc P 

M n, a ,k»«« - k - - «- — ■ ™ w st ™ re ;; h ve r; 1 

,„„ M c hl „ e ,R,E, ,n a ^ ,1—. ^ ^ - » — ' » ' ^ „ 

...„„. ,...„,, TV «*« ™ o-r»H „„, ,n KOH a, *TC and was 5 ,opp,d wl,.n 

„ 0 „„ cd ,a ,ho 5U ,=o„ «.fe, T„o .«» cH.nn.l» - m '« "°" 

200 ,h» ■ »«an lln» .porf of "» t"""'"'" 1 
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'f nr .v'i;;ir:ilion flow ^h.mr.rl m 



.... i r.vi.i-i '-v-.tn or..- t^-- f- ' 



..„ f 10,10x11:. r.;m '< — ' ■•<»■■ ' • 
, l . l{ .,r.... 1 ,rth Samarium ( oba.t :•.„. k a.aw-e • 

i -vth silicon rubt>er into trv ..jh r.inu 

mav b«: itlurtl *,u. muiui mixed witr. c p< a • ' ' 

mll „. ,T-'n>an Hamburg (.crmanv i .an 
.b, Kan, «:.rth <Sr> magnetu: powd. . ^ „. paral) ,n flow channel 

, „v,v be dure! into the opening slot ot m>. . V 
iv/v) and this magnetic paste mav be uiue 

v.eMmK a thick film ma K net.e lav-r of 1 » xl <> * 0 •> mm of the separatum tl« 

channelAhlK h m ^t,^ 

*. f oM hv an electromagnet (doudsrau. 
U an external magnetic field, t. b t>> an 

prox^atc to the separation How channel 
EXAMPLE 1 

, , r, «<u Wlt h two inlets and two outlets has 



listed below. 

Particle concentration 
20 Total How rate 

Length flow chip 
Channel width 
Channel depth 
Separation time 
h S Desired particle deflection 



10 ; particles/ml 
25 ul/mtn 
3 0 mm 
250 urn 
GO um 

2.4 sec 

10 um 



ff , v ,, rr K ncr , ra tri E and depletion rate 1/E are defined by 
The separation efficiency ionr.^mti- 

% positive jwrli^sjift^« r ^ 
^vTpl^licles before separation 



% ne. 



For separation of various 
30 strength, the results are shown in the Table 2 



8 „euc stanza ^ of ^ an, parage *H 
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Si/- 



urn 



1-10 

1 - Hi 

0.5-1.5 



Polysciences 
25 % iron-oxide 
50 % iruivoxuie 

Paeset + Lorei 

Mapnetic Affinity 

Boehringer 

Streptavidin wiafen-^ 

Dynal 

NW ncUc Mass Uyal M-««< ^ 



20 



>99 

;-99 



> 



99 



90-5 



98 0 



>99 
>99 

>99 

8s: 



■99 



95 
96 .5 

97.5 

89.5 

96.5 



o-- 100 ^ 



i . 1 J\n tn 

- - i; Hi*" 
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EXAMINE 2 

. u , n rnstcd bv utilising it for 
h i a so been iebU-u u> 

w , ral ,„„ of t.,^ " ™ ; s . impl „„„„ ,*„, - <- 

««KAT — - • fo ™ " " ««, ™,>. ilURKAT cells «. 

,,, PBS1BSA » » °' ° ,, , n .„,„o„ 

, „ fnr in mm. and fluids 
. . ,„ r «„.,„., Bowed thr» e h ,ta »»och,p for » 

— „..™.e. « *. „. * - ' matnctlca „ y unst »«d c.Us 

performed. The same e«P«r.»»<-»"'>« 

and the particles were 

An of the — -P- was ^ . — « ana^ 

counted u»n B a Neubauermi—Py camber . * or 
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Negative- ( unstained cells' 



Control' 



It) 



25 



5 



25 



<().] 
<0.1 
<0 1 



Positive (stained cells) 



i s 



25 
50 



Control 1 



0 



25 



50 



n.n. 
n.n. 
n.n. 

95.5 
92.8 
80.5 

n.n. 
n.n 
n.n. 



usmtz the micro flow system wi 



thout an integrated magnet 
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EXAMPLE 3 

- — — — (Har ™ r ; A ;:::: 

Switzerland), a separation flow channe! microva lv eS (Lee, Parameter 

A0 . s „ ede „, were , nl o .he »PP— «>< ^ ^ 

«*- - '-' Md — r ,A ;'i: l f — * — » - <- 

,„ B,,„ k en,..„. O. S— - U md lns „ u „ onlat , 0 ,, „TAS « 

.»,.«» and cell/V-ude «.„,»! » ^ ^ 

u • icinfi Rasel A FACScan with 488 nm argon 
conference, 17-22 Novembe, 1996. Basel. A _ accm wcr0 used (Becton D.ck.nson. 

cnUecUon of forwnrd and side scatter and fluorescence of fluorescein 
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- r Um,-*- t>\ \ t'fk 1 .:':--' ' ll 1 

»• i: ! i ^ 1 



,, ( ; 1 ,n.iiv ■ u.,inu t:v- I' A' 



v ,.h-,nn..| -W* -th a p^wni maunet opt,m>«-d *.r 
R.-sult, -.n th«' ;i • 4f ''-' r '' U " U V ' , r> x 1(r , mr t,cle*ml containing a 

Hvnal o Is are « ^ 17 A ^ BB ,' M-150, and fluorescence calibrate 

mixture of nun ^belied .na.net, Dvnal par . ^ • ^ ^ Ab<)Ul , ml of the non- 

„„,s ,,: ,* u.. ^ A- U„t, -u, ^ ' > ^ _ ^ ^ ^ fl()W 
m;lBIWill( , non-^nccced tr:,c«on winlloW s were set for the fistic 

,B, To enumerate the pos.uve and negative aac ^ (jal , icles and 55.8 % 

i . valuauo . Before separate the sample — ^ ^ ^ ^ all magn etic 

^ UCleS 'A"", t , e ne .„, fraction «c, collected from tne waste „ - • 

particles were tounu .n the ne_ - 

Under optima condition, an enrichment, ate o 

EXAMPLE 4 

f fetal cell*? m a sample for magnetic activated cell sorting A 
This sample concerns enrichment of - ,„ FlR , 7 and ,0 -upper,, optical 

combinauon of the embodiment of the invito • - - provldes a powerful apparatus for 

PVt0 me t rv.andF 1 ,s, 4 andlO(iowe,),ma,neU.cc.Hp 

i , t n f f Pt .)\ cells in a sample 
..ff,„p n t enrichment nt Kun ll 

, irraa ternal blood samples mvolves tl. 
The Process for increasing the —on.- rf the ma) on, of the matcrr,' 

toHo»,n« -PS ,see V>, 1* (0 A 1W S e,ec - ^ ^ ^ step for .solauon of th. 
blood col, based upon their volum*. size and d ^ • ^ immuno .fl u orescent soparatio, 

,tal blood cells from the remainin, - — ^ ^ ^ scparati o„ usm g a dev,ce 

using a device as described m Fi, 7 ^ ^ ^ samp , ,s first 

as described in Fig- 4. In the examples shown t ^ tQ ^ properlies ot 

separated in . mag netic separate cham er. ^ ^ ^ ^ see Fl , ,c, „ order 
the sample, or two magnetic separates a.e pe.form 
to obtain a highly purified product. 

r , sample of maternal blood in a 
f , r \ P - of very low concentration from a sample 

,„ thp folloWinE para P ra P h 
non -inva B ,ve prenatal screening testis present... - 

r tn tn 1000 per ml of ^ 
f a, n maternal blood in a concentration of 10 to 10 

j j UnnH rplls are found in material 8 ,, , . rtJb , 

Nucleated red blood cells of p( , diatncs . 19 95. U/. 

that it is possible to 
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■ Vet U'" t% . 1 ^ 1 

r ,, l it,i.'n.,ns.r. l t,,. : , l M". 1 ,.,-t. — < ■ ,,,„„, ,h- ma^, 

rtinK unu MM .u..::.-<-'t m 1 - lh .,„ : , u ; - . 

, : ",-t)c<) m this imt'iui'ia >■ 

111 1 ),,, r \, v u <c of a speutie sui 
, , s ^ved from maternal blood U u.. . tt achinu :* ma^netu 

and separate, ii-j , ^ ^ieetiveU an.u mi ^ 

+■ f -tol nucleated biood cell.- m ■ 
nr nn 'he cell membrane ot tetal nucitai c*- i Is 

present on .he attac hcMl substantial ^u^S- 

antibody probe to CI)7 1 . a magnet^robe 



10 
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EXAMPLE f> 

, nv labelled CD45 positive cells (maternal 

- — ~~™ dwi ::::i' - * - * *— ,n v i ' 

leuk ocytes» ,rom a ».«... • In thlS ex P enment a 13 sp^e Uota.ma.r.. 

was used >n a system as descr.be ,n , . Hepann was used as an 

was used to demonstrate the performanc of he ma ,not lC 0, u - part.cl. 

arM „ P ulant. The nucleated cells .ere labelled w.th U ^ ^ 

L^cea, L',,, u*. a monoclonal anybody ^ ^ cfficie nc, 

suspense was co.leeted at both outlets ^ ^ ^ The _lts showed tha, 

P arts of both the coif— ^ 
m0 st of the cells, more than Oa, u .coiicc 
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EXAMPLE 6 

, . > ir v.„ 7 First results have shown 



, nenrl ch m ent factor of ntore than 300. wh.eh.nd.ate 
U)0l for ennchment of rare cellular event. 



EXAMPLE 7 

. -~ -™ » - — - - 

the biosensmR components such as anU B en 
the flow channel and .mn.obil.scd there. 

. , mrob , h .d on the surface of the m.cro flow 

. >uc particles carrvmg an ant.gen probe are .mmoo. - c)flcd t0 a s.te by 

M0BneUt ' ' ,„„ The .mmob.hsat.on of each probe >s cxactK 

3 , channel by magnetic means, lnc 

switchmg on a specific electro-ma B net. 
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M ... ♦ ili:tlMli. t l - 

. . . . k . , . v: ■ I M ■ t ' ! 

[; .lltl'T'.'lU — r' 



— u:ir> " ■ , ... ., inp i, solution lias to »■ r,mov,d. aau „ ! 

.nta.in, a secondary antibody a.amst . - ^ ;iUmvm , th , 

i ... ^ n pboriv is coupuai tu 

— m ™"'" b ; i:..,., lh „. h,. .«» ti- - " 

samples havmc a micro no« channel 
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, pviiiifr having 

i V ^mllnvv ,vstomt.)rs^aiat;nu par... ■ 

. ,., n.,,,1 , (1 „,;, 111;K tlv- panicle, through -.h- 
. flo* channel defied therein for a Ho. o» a ^ 

flow channel, 

i t , ,-ntnrmu the fluid into tV H<'W 
^ „f the flow channel I<n <-ntennu 
, . lHnne ri -n nnf! end ol tne nu« - 
hrst inlet means positions ai 

channel. 

^ r .^crh'iremK the fluid from 
, ... ,w n ,her end of the ilow channel for discharge 

first outlet meau.- ^ - 

the flnw channel, 

. 

repasses a cross-sect.on of the flow channel 

„ f ld that „ substantially perpendicular to a longitudmal axis of 
^ -her bem g po^ned .„ a field. ; and « suable to the held 

the Row channel so that partes reside 
20 across the How channel -re deleted in the direction of the 

, . m , wh o r ,nn the member further composes held 
, A nKn How svstem according to da ^ ^ fo , Kt . neratl n g « Md substantial 

generating mean, portioned proximate to the flo 

j i ovac: nf the flow channel 
perpendicular to a longitudinal ax., of 

t , . . imD ,,.,p, monitoring means positioned 
i i mi- •"> hirthci ■ CLjinpMsii. n 
„ nK , vs tem according to claim 1 ui - wu measurement 
3 a micro flow svstem D , n iclc residing within a measure 

, r mmitT-ip" parameters ot a pauicie „ ytnrP A 
at the flow channel for monuo.m, P corrcs pondine to a monitore,, 

volume withm the now channel and providing an ou.put „ 

parameter. 

, m3 wherein the monitoring means comprise optical 
4. A rn.cn. flow system according to claim ^ ^ mcasureme nt 

detection means for mon.tonng optical pa.me«rs a ■ ^ ^ an optlcal 

vo hune within the now channel and providing an output 

parameter. 

, . , or 4 wherein the monitoring means comprise a Hah 
5 . A micro How svstem according to claim 3 or 4. wh ^ ^ ^ ^ 

sensor for measurement of a magnetic parameter of a ma,nc 

nf the flow channel. 



25 



30 



35 



SUBSTITUTE SHEET (RULE 26) 



PCT/DK97/00368 

\VO 98/10267 ^ 7 



. fornix --n^vMu-, , u,, 

U ' r ' 1 , rf .i i„. r>- monitoring means 

n vainest parameter monaou d t,, ^ 



t 



10 



s me 



f . he pvececha, clanns., herein th.Revn.ldsnu,.,--., 

„ tKc n-irtic cs through the cnai.uci 
n f . n . Pm" containing the P ar l ' L 
the f\«,w ut tm. l.a. A u> , ofO.1-2^ 

( i\ ( i r > - "i 0 m particular m tnc lanv,- 
prefcrably in th«: ranee nl (» <>•> •>»• 

. 0 f claims 1-6 wherein the lowest cross-sectional area of 

H A oi.cro How system according to any oi cU. 

tV„. t-inee of0.0O-l-0.il mm-, 
flow channel isintheian<e 

MIL i i ' 

father comprising second outlet 
. , t > anv of the preceding claims, fuither comp 
fw astern according to an> oi h 
9 mia ° 0 " t lp . havmK been deflected ,n the flow channel, 

ans for discharging particles having 

u.m* wherein the field generating 
, rh r K to anv of the preceding claim,, who 
10. A micro flow system aixoi Jim, 

means comprise, a magnet. 

, ,o wherein the field generating means further 
» U. A m^ro now system accodmg to c.im * wh ^ ^ of . ma gnetie field 

compnse fcrnte members positioned at the 

, m ■ wherein the field generating 
, , t . . m „ of the nreced.ng claims, wherein 

12. A micro flow' system according 

m eans comprises an electrode. 

t , hc preceding claims, wherein positions m relation t„ 

13 A micro flow system accords to any oi .he , adjuslment of the strength oft.,. 

tWefl0W channel of the field generating means a,e ac,ust 
f le ld across the flow channel. 

fthe preceding claims, further compnsing flow speed 

4 . A m ,cro flow system according to any of * ^ ^ [he flow channe l. 

^stmentmeansforad.istmentofthetimethepamelesre 

i ,c further comprising a cover lea 

00 vennRthe flow channel. 

c a transparent or translucent 
i m l S wherein the cover is a transpa 
nnw svstem according to claim 15. * hen 
16 A micro tlo* svsieui 

C0V er allow,,, optical monitoring of the flow channel 
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.if t i r 



.1'. 



, | t ,.- fr jilt 1^ .lit' 1 1 t. • • I- 

.. b( . tV ,w.,fth.-nu,io.nt;nn.n i; ..ar« l -!-» 

(,i v i i 1 1 

, , urlb) . r c...n„n.H»» K tl»r.nnkt 

buffer, the -non an J ^ ' ^ KU1<hnc buffer flo*, that 
f , ul dcunta,n,ngpart,cle S be,n K controlled^ .h - 

ground the flow of the flu.d conta.mnB part.de, 

< ■ AtYy -md thC UUbltKal ci 

l m IS wherein the width aria uiw 
19 \ ml cro flow system accords to claim , ^ the fluld 

„„ article, .» controlled by adjustment ot the 
fluid containing partiae. 



. . n yl . r „*„ r,i thn I'uidintf buffers, 
flow rate anu uit - 



, ,„ m s wherein the deflected parucie. 
.. „f the nreecdinK claims, wiu. 
now system according, to any ot tnc pre . 

20. A micro ilow sv^mi 

mmonse hving cells. 

f( , ircccdi n,cl B i»s.where.n the deflected partes 
21 A micro Ho, system accords to anv of the ^ J or pro te,ns. 

a W.ms wherein the deflected part.de. 

hiWe been magnet.callv. chromophoncalh , 

linc ^ a .ni. comprising a plurality o.oude,, 

t- -nnv of the prcccdinp ^J» 1J • r . , 

•23. A micro flow system »ccora,n R to an> - suscc p«b.lity to the hela a.ro. 

ford ,char R tn B of particle, separated accords .the, 

2 s the How channel 

wnr th^ member further 
„ vslema dinC to any of the precede da ira ,wh,r Cl nth- 

04 \ micro flow system a—- .. 

, ,,ui'or post-treatment facilities 
comprises pre-treatment and 01 pos 

, m 24 wherein the pre-treatment facilities comprise 

Jft 25 . A micro flow system according to claim ^ ^ ^ ^ 

incub at,on means for preparing or pre-reactm.th. 

( . )lov . ) ,, h cre 1 nthepre-treatmentfacilit,e.compnse 

n w astern an-nrdmK to claim 24 01 -a, 
or, \ micro flow system ^ - 

f n fluore^rent, orchromuphuiu -ami v, 
means for mapnetic.fluorc.Lt 
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, m2t where,n the post.treatmentfadlit.es comprise 

0- ^ micro flow system according to claim U. *her 
: ca ; f or collects or concentrating the deflected particte, 
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tor nniiunu^ the d- ■ 



>s A intern llow --t. la ^ ^ ,.,. ai ,,. nt , s , 

'•'., ,,.,1 :,arti. mt'. ■ >nt wl 



, ,., ,, llr ,,n-me a ...•'mb'T having 

., flow channel ddW thcrem for uu.d.n,' * .1- -f •< 

flow channel 

i r r pntprme the fluid into the flow 
. w i ,r one end of the fiow channel for entering tne 
f ir st inlet means positioned atom en 

channel. 

fluid from the flow channel, 

the particles bem.g controlled ,n such a way that one particle at the 
the flow of the fluid containing the particle* 

c f u- ^~*v channel. 
tim e passes a cross-secuon of th. 

- ,,f q nartiele residing 
pn at the flow channel for momtonng parameter, of a pa. 
monitoring means portioned at the 110 t slRna l 

0 corresponding to a monitored parameter, 



, i * ,n ( i «he second outlet means 
r n i tVv 'iHt'h flu 1 Inst ana ait 

separated according to values of a parame 

fl w M for separating parucles. compnsing a member having 
HO. A micro flow s\sttin iui h 

~ oarticles through the 

„ „„■ *nn., — - — " Uld C0 " ta ' n ' Oe 

flow channel. 

, end of the How channel for entering the Hind mto the flow channel 

m let means positioned atone end of the.. 

)n f the flow channel for generating 

j, hv ihc field "« a " d 

their mobility. 
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:■ Amu:,'., vsl.-n. - . , r , ir ,,, h ,h, IV * ■ ha:'."'-.. •■■ " 

. , riru .|,., ,„to tn, n,-, -h,mv.l. »n>t „„ p( ,« .mmob.l>- ' 

, n: innei .inn V uralitv ut <"ii.|. 

i . v . h ,. n , l , vdl enu 1 an,av 1 ,ana!y, l ,l 1 . 

^agents v. nut' 
flow channel. 

, ... ,„„,„,. , -4.n=»« m ****** 

, hc held when generated at a -.elected 
mc 1 . .. tV „ „ 0 wtnrl assay site. 

i ,-j tiiniii Till: ji-a' 

assay site or. are rejectcu 



„ ., wh , re m the member compnsos a plurahtyo- 
n w evs t c m accm-dme to claim A 1 or ol. b the fluid 



rrl ,.e< compnsinc the steps of 
; M . A method of separaUng paH.de,. « 



t\ int."-""" 

j- i T - tn i longitudinal a\ia 

po „ liomM lh[ „„„ » . - : ::::::„:, „ d „ .* - 

. ^nt mrf^es residing m tnt nu iU , .., oira te(l tvom the 

thefl o* channel so that par ^ ir , ctl0 n of the fteldand thcrcb> ,,par 

.cross the Bow channel ,»u 
fluid. 



n .l cell- comprising the steps of 
(rt l l cells from maternal cell.. 
15 A method of separating teul 

„ fntil and maternal cells. 
„f fctil cells in a fluid containing fcUl 
30 ^ccnvemagneUcallystamingoflctaU 

, h , flo, channel m such a, -ay that one 
fl Uhc iluHl conta,ning the fetal cells through a flo, 
, uldmB a How of the uonofl he flow channel, 

r,.,! ,,Uatthc umc passes a ooss.e 



35 



SUBSTITUTE SHEET (RULE 26) 



PCT7DK97/00368 

\V() 98/10267 4 | 

.. , t » l t > lw vx>W.h:- stops o! 

,,: A^h-i .^eparatin-ano-M^ .>•■ 

n 1 ■. nl inuim cancer :in.l olhcr celU 

^ ( l | [ J ( " * 1 . I ' 111 I 1 L 1 1< J 

, r . 4- mr.'l in -uch a way tnat 
, . rnu-er , !!.• through a :••»«"• 

N -'" 1,n ^ lUj , rr0 ss.,ecU«.n of the flow channel. 

otw cancor cell at th« U»e pa*** a a** - 

, . fietf that >s substantially perpendicular to a 
V.,,t,n,n K th, 00, channel w a ma.net c -1, cells re.dm, ,n the flo, 

that maKneticau> ^ LtI11 ' 

longitudinal a\u*> ut tne 
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***** a Ho, o, a Haid contain, pai ^ thc flow channel havin, hrst and 

panicle at tbc uroe r , . - ^ - ^ ^. channa 

.econd outlet means for a.schar^n, .-. 

monitoring parameters of a partiuc 



channel and 
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♦ monitored parametei \auic 
response tu a monuaic. r 



of a monitored parameter 



Kinr tvstpps of entering a fluid 
t' a fluid comprising lllt h 

comprising the steps of 
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I Density gradient centrifugation 
to separate red and white blood cells 



Immuno-magnetic 
staining 



Immuno-fluorescent 
staining 
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Magnetic separation 
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